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ABSTRACT < ' 

This student module on using ropes, cfeaihs, and 
slings safely is one of 50 module^ concerned with job safety and*, 
health. This module covers, ropes (types, use, 'deterioration) ; slings^ 
(mesh and metal); chains; and safe storage and. handling techniques 
for each'. Following the introduction , ^8 objectives teach keyed to a 
page in the text) the student is exp ected to accomplish are listed 
(e.g., Discuss fqur advantages oT usflL^re rope). Then each 
objective is taught in detail, sometimes accompanied by 
illustrations. JLearning activities are indued. A list of references 
and answers to learning activities complete the module^ ^CT) 
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INTRODUCTION 



"A stitch in time saves nine" is an old adage that" could easily have 
^>een written, for workers involved in the use of ropes, chains, and sling-s. 
Each of these devices is usecf in the lifting of heavy loads; to use "the de- 
vices safely each of them needs. to be inspected thoroughly and frequently. 
N Such inspections are the key to personnel safety and to prol onging' tiie life 
of the rope, chain/or sling. 

Before a load is lifted, many factors should be considered/ If a rope 
is to be used in the hoist, should \t be of natural or synthetic fiber? ' r 
■ Woald a chain before appropriate? What type of chain is best? If a sling 
is needed, shoyld it b^ made of rtpe, chain-, metal mesh, or synthetic mesh? 

Once the correct device is selected, there* are other procedures to be 
carried out. Inspecting the ropes, chains, or slings daily, before use, 'is 
v imperative, since many conditions affect their strength and Jafety. These ' 
conditions va^y according to the device used, and workers us i^g ropes, chains, 
or slings .must b£ aware of what these conditons are. ' * 

"This module deals with many of the factors involved in^he use of ropes, 
chains, and slings." The types or rope in%use, 'factors which cause their • m 
deterioration, and practices or conditions to be avoided ir^the'ir use -are 
discussed. Synthetic mesh and,metal mesh slings are compared, as afe the four 
types of metal chains. /Since regulaY, careful inspection is essential to the • 
"safe use of chains, ropes, and s Tings, inspection procedures are discussed./ 
vSafe working practices -are outlined, as well as storage and handling .tech- 
niques,. Safety factors are mentioned , rand sonle description of sling attach- 
ments is given. With the- identification of seven hazards associated with the 
use of slings in materials handing, the reader' i s ' introduced to the safety 
. procedures necessary in the use of yapes, chains, and slings: -V 



\ 
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OBJECTIVES ' - K . > 

xJpon completion of this mfldule; the student should be abte to: 

1. Identify seven hazards associated with the % use of slings in materials 
handling. (Page 5) ' ' - 

2. List four regulations and thirteen safety procedures that relate to 
' rigging. equipment and-handling. (Page 8) 

3. Describe the two natural and five synthetic ftber ropes pommonly used. 
(Page 10) ' < < 

4. Describe coiling damage, mechanical and .chemical injury, and biological 
, (ferriage related to fiber ropes.* ( Page"*l 4) 

5. List eleven items to be 'Corlsi-dered when inspecting a fiber rope.> 
(Page 17) >' ; ' 

6. Discuss four advantages of usijng.wire ropes. (Page 18) J 

7. List and define' eitjfrt causes of^wire rope deterioration. '(Page 20) 

'8. State seven items to be examined when conducting a wire rope inspection. ' 

.(Page 21) j ' 

- 9. Compare the use of wire rope, natural and synthetic fiber', and synthetic 
«^ * 
webbing for rope slings. (Page 25) 

10. Describe the hook and ring method and the swaged sleeve method of sling 
attachment^ and de'fine.safe load limits for slings. (f>ag^27) v ' ' 

11. State the proper inspection intervals for rope slings and briefly de- 
scribe^points that should be checked, (Page 30) ^ 

12. Discuss and differentiate between the .four types of metal chains. ^ 
(Page 32) ' - ' • 

13. Describe five points of inspection that should be carried out daily on 
chains ." (Page 33) 

14. '- Outline severr safe working prances to follow when using chains and 

chain slings. (Page 35) % 

15. Describe the inspection, testing, repairing snd attachment mechanisms 
for alloy steel chains. (Page 36) 

16. Describe storage procedures and identification methods for steel alloy 
chains." (Rage 38) 

17. Identify the advantages and disadvantages of metal- and nylon mesh sluigs. 
(Page 40) ... ^ 
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I SUBJECT MATTER . 

■ / 

objective 1: Identify seven hazards associated With* 
the use of slings tn materials handling. * 

A sling is an assembly thatcradles a' load and allows it to be Jifted by 
mechanical means. The sl'ing may consist of ropes, xdaifis, metal mesh, or 
synthetic mesh (webbing).* The way these material s 'are attached to the load* 
arid then to the lifting device is called rigging. Since rigging is frequently 
used to support large and -cumbersome loads , there are many dangers involved 
'in its use. 

► 

One of the primely 
causes of accidents in~" 
rigging is load shift- 
ing. TWis frequently 
happens wheft the load < 
is unbalanced ,to begin - 
with. As the load is 
raised, it\can create 
an improper, -lifting 
angle. on the sling and 
cause the load* to shift, 
as shown \y\ Figyre .1 . 
Such -a situation will 
create an dndue strain 
Siwiog out of control^ on the si i/ig^ ; , This ' 

m * 

strain could cause the 
load either to swing through the air out of control, or to fall. The cbnsfc- 
quences.of either of these two accidents could be v$ry serious. A« falling ld&d 
coul.d strike personnel, causing injury or death, ^or it cdftld hit other materi- 
al that, in turn, could cause inury. Similarly, a load swinging out , of con- : 
-trol could strike a worker, causing an impact injury or a fall; or; it could v 
hit other*material and cause* them to fall onto a worker or workers. 

Accidents are also taused by the dangerous practice of placing hands or 
^fingers between a sling and a load while the sling is being; tightened around/' 
the load: Wfjen the point of contact is at a corner whetfe the sling comes ' • 

. \i ' , 
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Figure 1. When center of gravity is not 
directly below the hook, the load will 
% shift untjl center of gravity is belofo 
the hook. This could cause the load to 



f ■ 



around the load v , i t-could cut a hand or finger <in two'. AlthoughS't is a sit- 
uation that presents obvious dagger, placing hands- eind fingers between slings 
s and loads continues to cause accidents in rigging. 

Pulling a sling from under a load when the load is rating on 'the sling 



creates great potential for accidents, 




Figure 2. The danger of pulling a 
sling from under a load restinifon 
the sling. , 



corner 

PADOING 




Figure 3. Loads with sharp 
edges nejd corner padding. 



(See Figure 2.) Because of the in- 
tense farce required to pull the 

• s Ti ng out from under the load, when 
the sling finally becpmes free, it 
can snap violently in a counter^di- 
rectioji with enough force to kill 

or, at least, -to injure ^omeone badly, 

Loads with sharp edges present 
^special problems in rigging. The 
sharp edge^ can sometimes cut right 
through a seemirajly strong rope or 
sling and cf?op the load at random , 
onto the floor below. The problem 
may be avoided by padding the cor- 
ners, as shown in Figure 3, but rig- 
gers in a hurry sometimes fail to do 

• this. * 

Poorly designed slings, or sling$ 
that are. attached insecurely, can also 
cause accidents. When a load that 
is not securely rigged is lifted, 
it may slip through the rigging and 
fall. If it does not fall, it may 
create an .improper lifting angle, with 
all the dangers inherent in that sit- 
uation. 

B'ad weather conditions also con- 
tribute to accidents. When visibility 
is* impaired by snow, fog, or rain, 
n^^ng activities shouid j/e carefully 
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supervised, and in some, cases stopped. Dust and darkness also create poor 
visibility. Wind is especially troublesome around rigging operations. Winds 
Beyond 25 to 30 mph can. move a load dangerously about in the air, sometimes 
caus.incj it^to shift. In other wordT, when environmental conditions merit, 
rigging operations should be stopped. % * v 

It would seem that the greatest danger in rigging operations would be a* 
"falling , load. This is not true.< The most repeated ,ki 1 1 er of riggers and 
persons handling loads is electrocution. When the boom, the load line, or / 
'even the load of , a crahe r contacts ah electric power *line, electrocution is 
alfj^st certain. This is why any crane working wifhin a boom's length of a 
pow^plirte should have a competent signalman (see frgune 4) stationed in c]ear 

view of the operator to issue a warn- 
ing when any. part of the nfachine or 
its load is approaching beyond a safe 
distance^ from a power line. 

Qw windy days, power lines with 
long spLans between supports are espe- „ 
cjal.ly dangerous. One moment they 
could be at a safe distance, and the 
tnext moment they, could blow right in- 
to the boom or the load lin£. Because 
they pose such a great potential for 
sudden, certain death, power lines 
demand special attention when they 
are anywhere near rigging operations. 




Figure 4. The greatest danger in rig- 
ging operations is electrocution. 1 



ACTIVITY 1: 



(Fill in the blank.) 

1. a. One of the primary causes of accidents in rigging 
is 

" — [ = 

b. If an unbalanced load is lifted, it can create an 

improper ^ * on the sling. 



^Answers to Activities appear on page 44. 
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c. The strain on the sling could cause the ^oad 
.either to • or tier" . 



2. • List six other hazards associated v(ith the use of M 



sling.- 
a. " . 



b. 
c. 
d. 
e. 
f. 



objective* 2: . List four regulations and 13 safety 
procedures, that relate to rigging equipment and 
handling. » c , 



In an attempt to minimize accidents, OSHA. guidel ines have been written 
that establish cofrcnon sens< procedures relating to rigging equipment. 

• Rigging equipment for materials handling should be inspected at the 
beginning of each shift prior to use, and as oft§n as necessary 
during use to ensure its safe condition. 

• Rigging equipment should not be loaded in excess of its recommended 
safe working load . - , 

• Rigging equipment^ wheo not in use, should be removed from the im- 
mediate work area sa that it will not present a hazard to workers. . 



' 2 

• Special custom design lifting 1 accessories (grabs, hooks, clamps, 
and so on) for momlar -panel s , prefabricated structures and similar- 
materials, should be. marked to indicate safe working loads. -Such 
. accessories. -should also be proof-test£d to use up to 125 percent of, * 
their rated load. # . ) 

* • • ^ ) 

.Other guidelines spell out manufacturing requirements, load limitation 

requirements, use requirements, and inspection requirements for alloy steel 

chains, 1 wire ropes-, and natural and synthetic fiber ropes. Of more direct 

concern to the worker are a number of safety procedures that should be'fol lowed 

when dealing with loads and rigging equipment^ Some of these procedures are 

1 ist^d below. * t 



erJc 
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Never exceed the safe working load bf lines, attachments, or equip 
ment, anil be 4 sure to ad<J the weight of these items when figuring 
the true weight of. the load becadse. the hoisting equipments a - 
part of the load. * ' * " 

Avoid lifting loads thfft are not plumb and balanced. 

Avoid situations that wvll cause a suspended load to swing .in . 
the air. 

. £lways use a*signalman when working near -electri c power lines. 

Store all ropes and slings in proper places safe from 'mo i sture, 
acids, or other materials that could cause mechanical damaqe. 

'Inspect all ropes and slings at regular intervals, daily if, )/ ' 
service conditions require jt,Jand keep a written record of Jr 
such inspections. <r * 

Rig a load so that no part of it can be dislodgfed,in lifting. 

Use tag lines to secuce cumbersome loads that may^be -subject 
to swinging-. , % 

* * » 

Safely land and block all loads before unhooking ropes or Slings. 

■\fle*er ride or^a loadthaf js being lifted. ' k 

N^ver use bolts- or. makeshift devices to repair chains or s-lings, 

Avoid impact loading; do not suddenly jerk* the slack out of a 
line, but lift gradually until ,the-sj^ck is- taken up. ' ' # 

Beware of ropes, slings, and attachments without markings or 
identifying tags; they, are probab.ly unsafe. ' " 



sACSTIVITY 2: 



1. • a.' When should rigging equipment be inspected? 



When rigging equipment is not in use, wh^ should 
it be removed from the immedi ate .work area?. 



c. Spetial lifting accessories have two safety requi re- 
meats. What are they? ■ *. 

i : a 



(2) 



.List si£ of tfie Safety procedures whi ch -should be 
followed when deal\'ng with loads and rigging, 
.a. J . ' 
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objective 3: Describe rthe two naturaj and the five 
synthetic firer r9pes* commonly used. 



To understand some of the factors^ that must be considered 'in the selec- 
tion of rope for'rfgging, a knowledg'e of the qualities of di-ff^rent rope^ is 
essenti al . * / • 

. ■ •• • . • w 

NATURAL TIBER RQI^ES x 1 X 

\ ' ' - * 

There are two basic natural .fiber ropes: manila and sisal, . There are 

several grades of manila, but foe, hoisting purposes, on.ly a rope of/first- 
grade mani la-fibers should be ujed. ^ High quality'manila ropes are easy to 
identify because they ar&*ivory to light'yellow' in color, they have a waxy 
luster to them, and they feel firm but pliable, 

A good majii^a rjpe is usually marked^ with trade mark. Sometimes this 
mark is simply a paper' ribbon tnt+v a tpade nafft^.on it twfst^d -around tHe roR£ 

but some manufacturers place a colored strand of one Qr more^colored y^s is 

H r t - 

.th^rope. .A manila rope without a trade mark should not <be use for hoist- 

* * *» 

inq. , " * . * 

" , Sisal ropes, which cost less than m^ila ropes, should not be us£d in 

hoisting. Sisal rope is. easy to identify because its color varies^rbm wfti^e 

to yellowish whiie, it lacks the glossy Took of fiigh-grade manila, and ""it- is 

^tiff and harsh to the touch. * 
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SYNTHETIC^ ROPES , / y - ; " , . . « 

Of synthetic ropes* the strongest is nylon. Nylon robe has two and a 
half times the breaking strength of manila rope, and four t>mes tfie working 
'elasticity o,f mani la -rope.^ Nylon rope is fairly easy to distinguish from* 
other synthetic Vapes "because 1 of its chalky white color, its smooth Surface, 
and Its soft, pliantfeel. The strongest rope is a rope with a braided nylon 
f sheath over a^braided nylon core.' These 2-in-1 braided nylon ropes eome in* 
. ^everfrl varieties. - Those with nylon core/nylon cover have high strtength«and 
*greater*elsn.gati f on, those with polypropylene core/nylon cover . have lqwef 
/strength arid more stretch, and .those with polypropylene core/ polyester cover \ 
have* very low stretch and high strength. Where the highest possible ^rength 
Is required, nylon braided ropes should be used. ' (~ 

Synthetic ropes made qf polyester are heavier than nylon ropes of the 
same, size, but they are not a^ strong. Because they have a tendency to s~ 
stretch, 'polyester ropes nee.d a M breakins-in n pe*riod< Although polyester 
ropes look^ very much" like nylon ropes, 'the lack of elastic feel fug that nylon 
ropes hav6 identifies them. * * 

v ' Other synthetic ropes are made of pflypropylene. This synthetic rope * , 
will float in^water*,- but its light weight makes it less strong than nylon or 
polyester^ Polyprppylene rope can be usepl in situations where manila rope' 
,woul*d not be strong enoug^ for the job but where the extra strength of nylon 
or polyester is not required. 'Polypropylene ropes are easy to identify be- 
cause* they, come in bright reds, .greens , 'blues , as well as several o£her colors, 
arid they are samewhat slippery. - * * ( 

The lowest ih strength of alj synthetic ropes is polyethylene,. It is 
about half as strong as nylon, but still 15% stronger than manila. These 
ropes have specialty uses because they are resistant to both acids and alka- 
lis, to alcohol, and to bleaching solutions. Polyethylene ropes are e«asy to 
identify because they too come in many different .bright colors, and have a 
very slippery, almost eel-like, feel. * ■ * 

As a group, both polypropylene and polyethylene are members of the ^poly- 
olefin" rope family^, but the names polypropylene and polyethy^e/ie are more 
commonly used to identify them. Many synthetic ropes are known by the trade 
name of the fiber used in their manufacture. The most common of these names 
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1 are probably Dacron and Terylene. wiese are polyester , ropes and h^ve the 
qualities discussed above. ^ . 1 # * 

CpMJgRATIVE QUALITIES OF ROPES " 

. ^Synthetjc ropes ane superior to natural .fiber ropes in some areas. 

HoweveTr, number-one grade manila is still, a much used hoisting ftfpe because 

of its/'ability to' play, out (.release) evenly when used around capstans or bits % 

One quality that makes synthetic ropes effective is their ability to 

take shock loads (severe sudden strains) repeatedly. Thit quality makes nylon 

d great rope for safety lines. Synthetic fiber popes can also sustain dead 

loads (those gradually lifted,. |s opposfed to suddenly weighted) for longer 

periods, because the fibers in synthetic ropes are continuous throughout^ 

they recover from stretch and strain/faster and-better t^n do natural fiber 

Topes. Both manila and sisal are held together by surface contact and twist. 

/ When exposed to extended use with dead loads* manila and sisal tend to slip, 

, ami the ropes eventually break. 

Seve.ral other factors have to be considered when selecting a rope for a 

specific job. In some eases, the rope will need a high "flexing endurance"; 

. that is, the ability to take* repeated bending. -Here, once/again, the syn- 

y 

thetic ropes are generally a better chjoice for conditions that demand flexing 

endurance. ^Jhe ef feet's, of temperature r on rope must also be considered.' Thfc . 

effects of heat are potentially the (host damaging to rope. This *is because 

the damage done' by heat may not be apparent at the ^lirne of normal inspection. 

Heat buildup is especially 'critical at points where a moving rope passes over 

and makes contact with a stationary rope. The # stitionary^rope will usually 

break down first, and nylon w rope is particularly [Jrone to this kind of break- 

* down. On the otfier hand, mani l/hdljjs up better fn heat-friction wear and 

the breakdown is. slower. ' 

The effects of cold are not nearly as bad as the effects of heat. How- 

' 6ver, if a natural fjber rope is wet and then cools in cold, dry air; it'loses 

considerable tensile strength. Synthetic ropes lose very little tensile 
* • * « 

strength under these conditions. 

- ■ .. 14 
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NEVER USE DAMP ROPES 
\ NEVER USE WIRE ROPES 



USE POLYESTER POLYETHYLENE 
.'OR POLYPROPYLENE FOR BEST 
INSULATING PROPERTIES 



Figure 5. Around power lines, 
• polyester, polyethylene or ■ 
polypropylene ropes are best. 



Another factor to be consider^ 
4 s th6 possibility of .shock when 
ropes have to be used around elec- 
trical power lines. (Figure 5.) 
It is best to use ropes made of poly- 
ester, polyethylene, or polypropylene 
si^nce these three ropes retain then r f 
insulating qualities even in high 
humidity. Nylon rope which has a 
tendency to p.ick up moisture from* 
the air, is not recommended for use 
around electric power lines. 

Whether made of natural or 
synthetic fibers-, , the factor of 
safety for all fiber ropes is five, 
and if jUTe_j$pfl 7 J-s us e d to frotsX^ 
or support personnel, the factor'of 
safety js 10. ^A safety factor of 
five means that the. rope must be 
capable of handling five times the 
weight of the actual. load. } 



ACTIVITY 3: 



1. Name the two natural fiber ropes that are commonly 
used: 

2. ' ((fircle the correct answer.) 

The strongest of the synthetic ropes is: 
■ a. Polypropylene. ». ' 

b. Polyester: 

c. Polyethylene. 

d. Nyl.on. 



/ 



15 
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3. Other thart strength, the factors to consider when 
choosing a rope are:* (Name four) 
•a. ^ ^ 

b. ■ •. — 

— ■ 1- 

•c. , 

d. * ■ ' 



X 



objective 4: DeVcri be' coi 1 i ng damage, fnech v anical and 
chemical injury, and b'iological damage related to fiber 



ropes. 




Figure 6. Store fiber 
•rope ' properly . 



To get the longest life and safes^ use out of a fiber rope requires that 
it be handled and stored properly ,'^When new rope is removed from the ship- 
ping coil, a three-step procedure should be . - 
fo flowed. (1) Reach .down inside the cert 1 , 
(?)*pull the inside rope end up through the 
\ coi^, then (3) unwind the rope in counter- 
clockwise direction. (Figure ) This pro- 
cedU*e ^voi ds adding twists to the rope and 
destroying its balance. Kinks are also kept - 
out o^ the rope by this method. 
• gropes shouJd always be recoil edjn a 
v clockwise direction. (See Figure 7.) The 
^ ^best way is *£o loop the rope over the lef/t 

-arm a number 'of times in 
,even lengths until about 
15 feet of the rope re- 
mains. This rope should 
then be 'looped about six 
times around the center 
of the other loops, the * 
rope end should be secured 
" with a knot, and enough of 




Figure 7. 
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Recoil rope in a clockwise direction. 

1 6 



the rope should be left to tie ^he coiled rope safely to a holding peg. 

A dirty rope shoiild never be recoiled, 'it should be washed with a mod- 
erate stream of t water from a; hose. Some dirt may-remain, but that can be 
shaken out when the rope dries,. 'A wet rope should never" be hung up in an 
enclosed area-, it must get plenty of air ^o'it can dry. If the rope r cannot 
be hung up, it should "be laid in a loose coil in a ventilated ar,ea where it. 
will dry. ' -\ r ' ' * \ 

Ropes are subject to other forms of mechanical damage. They should 
never- be dragged on the- ground or against rough or sharp* ob'jects. When a 
rope is pulled over a fiard surface with -a sharp ecfge, bu v rlap padding should 
be used along the edge, fulling a rope' over a hard-surfaced bend can cause 
extreme tension on the fibers. ' » • 

Chemicals can caiuse^rope deterioration. Generally, rope should not be ' 
stored or. used where^itwill be expfised to acids, or even acid fumes. Strong 
alkali, drying oil, and pajnt can alscHnjure a rope*... Black or brown" spots 
on a rope indicate exposure to acids or caustigs, both 'of which are sources 
of quick deterioration. ' 

^jWhi.le =hyl*on rope is highly resistant tQ alkalis, it is subject to injiiry 
by most acids, paints, 'and linseed # oi 1 . • Ny 1 on. ropes should bg kept out of 
contact with these substances. When, contamination is suspected, the rope 
should be wa^ed in cold water and inspected -for evidence of fiber weakening. 

m - like nylon, polyester rope is resistant «to alkalis, but unlike nylon, ■ 
it i alio resistant to acids. However, all chemicals should be avoided 
afo,und polyester ropes, and these ropes should be washed often in cold water. 

Certain ropes are^more subject to injury from specific sources. Even 
though they are chemically treated* to resist mildew and dry rot, manila ropes 
are still very' subject to rot.* This is whythey must be' cleaned and stored 
with care. Pc^onged ^xpostrre to sunlight will al so -c^use 'a manila rope to 
deteriorate, so when it is possible, it -is wise to shade or coVSr^" i manila 
'rope that is exposed to sunTight for long* periods. f 

1 Polypropylene ropes ^ar^ not subjec-t at all to rot and mildew, >and they 
arte highly resistant-to acids and alkalis, although industrial solvents do. 
have : a s of tenincf effect on these ropes.- .Polypropylene has good insulating 
qualities, and it make*s an excellent nonconductor of .electricity. The one • 
problem with polypropylene is that is softens progressively with a rise in 

•-».'"' 
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temperature^; it even degrades 'in sunlight, so, it should not be used in hot 
conditions.. . • ^ 

Polyethylene ropes are also subject to softening in rising temperatures * 
and should nbt'be u|je<d under such condi ti cyis . Otherwise, .polyethylene ropes K 
are resistant to alkalis and all acids except nitric acid. and are also resis-' 
tant to aTcohol and bleaching. 

? Generally, snythetic ropes tend to melt at high temperatures* afid should 
rtot be used where they are likely to encounter excessive heat,' or where * v 
friction is concentrated er\ough' to •melttfie fibers 
should not be »used^our\d welding operations,. 

On the other hand, a frozen rope, should never be used until it has befifl 
allowed' to thaw, and dry. In using synthetic ropes, extra caution is -needed 
because they stretch more than manila ropes, they have a low melting point, 
and theyare naturally sUppery. ' 



Thus, synthetic ropes 



ACTIVITY .4: 



3. , 



List three practices to avoid in usage^'and storage 
of manilayf*ope. * Begin each rule with the words 
".do not." 

a. ^ 

b. * 

c. 

(Circle the correct answer.) 

Which rope (^*«A>ject to damage by most 'acids, # 
paints,, and linsee^oil but not by alkalis? 

a. ^Polyester. 

b. Nylon. * « < 

c. Polypropylene. x 

d. Polyethylene*.^ 
Where y/elding is being done in the- immedi ate work 
area, which rop^s should not be used? 
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objective 5: List eleven items' to be considered when 
inspecting a fiber rope. 



Fiber ropes used in hoisting demand careful inspection on -a regular 

schedule. Before a rope is put into service, it should be carefully inspected 

along its entTVe length'. Even % new rope can ,some|tirrtes have defects and 

should not be pub into Service.* After the initial .inspection, a rope should • 

be inspected at least every 30 days -after it has Been put into service if it 

is subjected ohly tp ordinary wear. Ropes that support woVkers on scaffolds 

should be inspected weekly, and all ropes exposed ttf acids or caustics need 

/* 

to'be inspected daily. * t * 

v. 

Rope inspections should not only be timely, 'they should include careful 
examination of specific areas where injGryand deterioration are most likely* 
to take place. Jh$ entire length of the rope should first be inspected for 
the fallowing: v p 

••Wear. . * ' * ' s ^ 

• Abrasiari. ' * * 

• Broken or cut fibers. . 

• Dj secernent of yarn or strands 

• Variation in roundness or size of strand^. 




Discoloration. 



Rotti ng. 




Figure 8. Open up rope 
during inspections.* 



After the exterior of the rope 
has been inspdlted, the' inside should 

• be examined by twisting the strands 
to open up *the rqpe as shown in Fig- 
ure 8., This sjngul d be done with care 
to avoid kinding the rope err disturb- 

^ i ng the - 1 . 

S If the interior of the rope is* 
not bright and^ clean, check for the 
following: 
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' . • Broken yards,. 

• Excessively l'oose'yarns' or loo^e strands. 

• 9 Arv accumulation of powder- 1 ike dust that indicates excessive 
^wear between threxstrands 1 P ' » 

• Inside yams that pull. (Jut 'easily, indicating that the rope 

tfas been, overstressed. . . . N . * 

a Rope <4hat ^^usrpected-of having been exposed to acid requires special^ 
care. A mani la rope that has\een in contact with acid will' have dark brown 
spots . Acfd. usual ly 'eats away synthetic ropeSj^fcut very brittle fibers in 
synthetic ropes indicate exposure to acid. * I 

. A rope that is suspected of deterioration should be replaced. .Evaluation 
of the rope should be based oa the sectijjjr showi ng the most deterioration. 

When -a rope is weak in just one spot, it may bk cut, properly spliced, 
and kept in service. Htiwever, when a rope* has been condemned, it 'should be 
taken out of service immediately and cut into*short lengths. Cutting it 'will 
prevent its being^ accidently placed back into hoisting service. * 

^■■■h^hm ACTIVITY 5: 



List nine items to be considered when inspecting a 

p\ 

fiber, rope. 

1. ) • 6/- / ■ / - 

2- • 7. . 

I- ' • .8. _ 

4 -v ' ' -V, \ 9 - — 

5. 



OBJECTI VE^6 Discuss four advantages of using, wire 
ropes . . 

f 

Wijre ropes have two qualities that give them a high degree of dependabil- 
ity and uniformity. First, wire, ropes are made from Jarge numbersof : iridi- 4 
vi dual wires, most of which are not expps^iL* Secondly, the wires are con- 
tinuous, in any given length of rope. For these and othe'r, reasons, safety 
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engineers recommend that, for general. .construction rigging, a wire rope 
should alway^ be used in preference to a-fiber rope or cha'in, / <• 

Wire ropes of "improved plow steel" grade are the Standard "for hoisting 
ropes 1 . Where a greater fact^of safety is 'required, ,l extr$ j proved plow 
steel" grade is even better because it resists abrasion, shclk, vibration, 
and fatigue. ■ > * 

The reason ssafaty engineers 
prefer wi.re ropesf 6ver chains for 
general construction rigging is the 

V 

- added degree of^safety they provide. 
One link of chai ry^cAry ;f ai 1 in a 
moment' and cause 'rf serious accident. 
Most wire ropes, . on' the other hand, 
are composed of more than a hunted 
individual wires and the failure of 
ovi4 wire alQnfc does not cause* an 
accident. The cross sections in^ 
Figure 9 show wire ropes composed of 114 wires (left), and 313 wires (right). 
Every one of them has to fail before the rope can break. This reserve strength 
gives workers a chance to notice a hazard before it turns iato a disaster, 
Even when a wi re rope is severely overloaded, it still takes several seconds 
.for all th^wires to break, and in these circumstances, the breaking wi^es 
make so muctu rtoise that porkers near the load will still h^ve time to lower ■ 
the. load ar*d get outS&f the way before it falls! 

Wire ropes come in several varieties and combinations of core and exte- 
rior. Despite their strength and dependability, wire ropes are still subject 
'to tension, abrasion, fatigue, cutting, and corrosion, and must be carefully^ 
selected for the job they have to do. W 

f' ' ' 



Figure 9. Cross sections of wire 
ropa. Most wire ropes are com- 
posed or Viore than JOO . 
individual wires. • 
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ACTIVITY 6: 



• 1. What is the. most important added degree of safety that 
a wire rope has oyer a ct^in? 

■ — — 

2. r List two qualities^of wire rope that result in its 
♦ 

high* degree of dependability and uniformity. 



< 

b.V 



objective 7: - List and "define eight causes of wire rope 
deteri oration t 



Wiije rope is subject to deterioration and damage from a number of causes. 
One of these is incarrect coiling (reeling) and uncoiling. The s-hipping coil 
or reel of a wina*rope must turn as, the rope unwinds.. Trying to remove a 
wire rope from a stationary reel will almost always resunt in' a kink that . 
dannot be repaired. Even when a wire rope is bjeing^reejyd onto a drum or 
anotHfer reel,- care must be taken to wind trom the top of one reel to the top 
of the other or from the bottom of one reel to the bottom of the other. 

Beyond the initial U inking 11 damage that can be caused from improperly 
unreeling s wire^rope^ there are seven'other major causes of wire rope' deteri- 
oration;^ ' 

1. Wear from contact with sheaves or dr%ns;*thi^ <^iows especially on the 
outside wires. ' — 



2. 



3; 



4. 
5. 



Corrosion that, tends to accelerate wear. This' dangerous condition is 
hard to detect because it often happens'to interior wires, but it is ' 
usually indicated by pitti/ig.- 

Fatigue due to excessive bending stresses from sheaves and drums that 
have a srftaJ-1 radius. Fatigue is usually indicated by a* square break in 
a wire/* Such a break will show the granular structure of the wire. 
Drying out lubrication, a. condition often speeded up by heat, 
'Overloading and overwinding in acceleration arfti deceleration. 
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6. Mechanical^ abuses ?uch as pinching-down and cutting wires, or conditions 
where ropes^ are being subjected'to dragging. 

7. Tensipn, when a rope has been subjected to too great a strain. This 
happens when a load is applied suddenly to a slack rope, causing severe 
impact stresses . 

Finally, the factor of safety should always be" respected. The minimum 
acceptable factor of safety for wire rflpes is five. .When the rope is used " 
with personnel carrying equipment, thi factor should be, raised to ten.* The 
factor of safety DOES NOT mean that the rope has a great deal of reserve 
strength, and can be used for additional capacity, even for a short time. '* 
In fact, lowering the factor of safety will only accelerate every elemgat of 
wear and deterioration to which £ wire rope is subject. 



ACTIVITY 7: 



1 .* Describe the correct procedure for transferring wire 
rope from one reel to another. 

. k — : ■ 



Name four reasons for wire rope deterioration, other 
than "kinking." 

a. 

b. 



d. 



objective 8: State seven items to be examined when 
conducting a wire rope inspection. ' ' 



Inspecting wi re ropes demands a great deal of expertise and some good 
judgment. Taking,- a rope out of service before it is really^worn may be 
costlyj leaving a rope vn service/when it is suspected of significant deteri- 
oration may be even more costly in terms of human life. Tin's is why wire 
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'•ope inspections, should be made only by qualified people. 

The principal basis on which th^ condition of a. wire rope is judged is 
the number of broken wires pern lay. A lay of rope i$ the length- aloncj the . 
rope, in wh'ich one strand makes^ a^complete revolution around the rope. When* 
most of the broken wires in a lay are concentrated in several strands, that 

section of the rope is'weaker than i^would be if the broken wireS were urn" - 

« > S x 

formly distributed throughput all strands and along the ^entire l'ehgth of the 
w 

rope. In other words, the pattern of broken wires is "significant. If the 
number of broken wires along the length of the rope increases Rapidly between 
inspections, it is a sure sign that the rope is at the point, or near, ttiej 
point, at which it should be taken out of service. ' ^ 

In addition to inspecting for broken wires, wireYopes need to be care- 
fully inspected for these other signs of wear: 

• Wear of crown wires (outside wires)* • . % 

• Kinkingj 

• High strands . ^ 

• Loose wi res' 
• • Nicking. 

• • Lubrication. 



Wear of crown Wires is so important that it should be checked with rope* 
calipers and micrometers. Reduction of the rope diameter is a critical dete- 
rioration factor. While all new ropes stretch and experience a slight re-, 
duction in diameter, a. rope shouH**be replaced if the diameter is reduced by 
more than: 

• ^/64 M for- rope diameters of up to and including 3/4" . ■ 

• 1/16 H for rope diameters of 7/8 to 1 1/8°/ 

3/32" for rope diameters of 1 1/4 to 1 1/2 M . * 

. . _ / Severe kinking (Figure 10) may 

demand that the rope be discarded. 
In some cases a kink can be cut out, 




Figure 10. A wire rope which has 
been kinked. Early rop^failure 
Gan occur at this point. 



and after proper splicing, the rope*, 
can remain- in servi ce. 

High strangling, when, one or two 
strands are worn before the adjacent 
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"Tigure 11. A wire rope with a 
high strand. 




Figure 12. A "birjl cage" may re- 
quire replacement of the rope. 



ones, (Figure 11), affects the lay 

of the rope and causes other strands 

to become overloaded. If the rope 
♦ 

is not replaced", a new end ^connection 

should be placed on the rope to 

remove' the high strtmd and reset the 

rope lay. . 

Loose wires usually result from 

a torsional 'unbalance in the rope. 

Because these wires frequently bunch 

lip in a loose pattern around the . 

rope, the condition is called "bird 

caging." (See Figure 12.) This 

buildup is often seen at the anchor 
( f 

! end of multifall crane operations, 

If bird caging is severe, the rope should be replaced; in some cflSes Hhe bird 
cage' can be cut out*and the rope can be spliced and kept in service. 

, Nicking refers to the injuries a rope suffers from coming irl contact 
with other ropes* or obstructions. It^can'alSo be caused by movement over 
drums and sheaves.- Nicking is a clue that the interior of the rope demands 
inspection. - / - 

Lack of proper lubrication will quickly put a rope out of service: Wire 
ropes are usually lubricated internally by the saturated fiber core. This 
core can sometimes dry out from heat, or may actually be squeezed out. Ir> 
these cases, the grooves 'between the strands must be inspected. If these 
grooves are filled with , hard packed grease or dirt, the lubricant cannot 
penetrate to prevent internal .friction. The rope should then be scrubbed and 
a viscous coat of warriPoil applied to it. Once the oil has been allowed to 
enter the inside of the rope and the rope is ^ry enough Jthat the oil will not 
be thrown off, the rope is usually serviceable again. 

Several other factors have to be considered in wire rope inspections. 
The speed at which the rope travels in its work is a very important element." 
fast moving ropes are naturally subjected .to greater stress from friction and 
abrasion, and these factors must be taken into account when such ropes are 
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inspected. 



Particular attention should be paid to the areas of wi re ropes 



close to terminal fittings. Even rope that might remain on a drum all Ih'e H . 
time should jse inspected because*of the increased potential for/wear at 
terminal fittings . m » 

The.fi natl and most important factor is corrosion. Corrosion is $ven 
more dangerous than visible wear, because it so of te^T affects wires Jnside the 
nope that are hidden from visual. inspection. Yet CQrrosion cart often be . 
detected by discoloration of the wires, .and especially by the presence of ./ , 
pitting. Any evidence, of extensive corrosion means 'tlift^rppe should be ."re- 
placed. ^ . * ^ -m^ ^^ x ' . » 

ATI wire ropes should be inspected at intervals determined' by they 1 • 
service conditions;. % Wire ropes used in situations where human life depends 
on them should be inspected more often than other types of wire ropes. But 
all wire ropes shrould be irtspected at-regular internals and records should 
be k^pt of the inspection findings. 

Finally, two rules should* govern the inspection of wire ropes. One, 
every inch of the rope should be-inspected with "care. Two, the rope's conai- 
tion should be judged at the pointy that shows the* greatest deterioration. 



ACTIVITY 8: 



A reduction in wire rope diameter is very important in 
judging how much the rope has deteriorated. How should 
the diameter be measured? , * 



2 : % Narfll fiv^ether causes of wire rope deterioration, 
a. 



c. 
e. 
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'Objective 9: Compare the use of wire rope, natu/al and 
synthetic fiber ^ and synthetic webbing for rope slangs. 



1 



1 i 1 1 ' 

In most rigg.mg and hoisting operations, slings get the roughest wear. 
Slings are especially subject to abrasion, impact loading, crushing, kinking, 
and overloading^ Because 'si i ngS are subject to such rough wear, their com- 
position, manufacture, application, and inspection are^all vital elements of" 
thei f safe -and proper ipe. 

Properly manufactured wire ; rope slings «£re the safest sldngs for general' • 
construction u$e. Wire rope slings combinG minimum weight with strength and^ 
flexibility. They do not wear as rapidly as fiber rope slings, ancf they do * 
jiot have the potential weak* link problem of chain slings. Wire rope slings 
are especially safe because the breaking of^W^out^r wires gives advance 
warning of failure. The protected inner v/ires have * reserve' strength enough 
to gfft the load safely down.- However, wir^e rope slings should still be care- 
fully selected for specific service. They should"£e of improved plow steel, 
and should be preformed with a wire rope core. In railroad shops .or other 
peaces where slings of great strength are required, braided wire rope slings 
are recommended. They'are flexible, they resist kinking, and they are easy 
to handle. • All Wire rope slings should have a factor of safety of at least 
five' "v , - 

i ^Nfctural^ Ufyer rope slings shoittd always <lje made from marvila rope/ Rope 
sT>ngs made froffTlnanila work well in some applications 'because they are flex- 
ible, grip the load weltj^and w'ill not mar the surface of a load as some 
me^al slings do.* HoweverT^kanila rape sliTigs have 1 imitations ,. and these, 
must be gi ver\ careful consideration. - * 

Synthetic. fiber rope slings have certain advantages over natural fiber 
slings, but thk/, too, have limitations* thSftsoust be considered. Both syn- 
thetic and natural fiber rope slings are affected by chemicals, freezing, 
hiftjb, temperatures and sharp bends. Fiber ropels/lings deteriorate much more 
rapfcfr 'than wiVe rop'e slings, and they shouTd he used only on light loads. 
Sharpalorners can cut the slings' and shoul dy*fy^'s be padded. • 

Synthetic webbing slings, are versatile aria durable/ and have such flex- 
jbility that they are popular for rigging activities. Because of their 
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flexibility, synthetic webbing slings tend to moW themselves to the shape of 
the load. 'This me^ns they are less likely to mar* the, surface material, of^a 
load than are wire, fiber, or chain si ings.*- Synthetic webbing slings have 
desirable safety qualities,, too. Sifice they are non-sparking they can be 
used in'workpl aces with explosive hazards, and they minimize .twisting and 
spinning /luring lifting. .Synthetic webbing slings are softer tjjan other'types 
of slings; therefore, workers do not cut theiV hands on them, and a buffip on 
the head from a f re^swi nging slip is not usually severe. 

Other qualities of synthetft 'webbing si Tigs-make them adaptable to spe- 
cific jobs. They arje not affected by raoi sture and can be used in |iigh humid- 
ity sitgationS. Because they do not Vust and, therefore, will not staiji, 
they make good rigs for working with ornamental precas£ concrete or with 
finished stone of any kind*. The el astici ty of sytithetic webbing slings en- 
able* them to absorb heav^' shocks and still cushion the load. Slings that 
undergo such'stresses will, of course, wear at points of impact, but buffer 
strips of farther, edge guards ^and other devices to prolong the life of a 
sling.and increase its safety are available. Sliding tube pads to cushion 
•si ings'that are used to handle materials with sharp edges are available, and 
there are even certain coatings that can be applied to 'the slings to provide 
addeci resistance to abrasion and chemicals. 

Synthetic webbing slings should have a; safety factor ^f at']east five. 

♦ m . • • . y , • ' 

' — ACTIVITY 9: 

1. flhat type of slings arettre safest slings for general 

^ & construction- use?J! _^ ( t ; 

£. List two situations in which synthetic webbing slings 
might be more appropriate" for use than fiber rope, 



wi-re rope, or .chain slings, 
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OBJECTIVE 10: Describe the hook and ring method and 
the swaged* sleeve method 0/ sling attachment, and 
define safe load limits for slings. 



•<r\ 



There are many different methods of attaching a rope to a hook, and a 
hook to »a load. Different methods of attachments offer various percentages 
of strength in relation to a rope* or- a sling -load. Since th0e percentages 
must be considered when figuring-the load limit, it is important. to under- 
stand some basic features qf different attachments. 

The hook and ring method of attaching a wire rope fitting achieves a 
load capacity that .ranges from 70 to TOO percent of. the breaking strength of ; 
the rope. Swaged sl^eve^arftachments , usually made only by the -manufacturer, 

offer about 90, to 95 percent of the* 
efficiency of the rope. When they 
are properly m^e. compression fit- 
tings and zi nc-p||ted-sockeis can 

develop 100 percent of'tjhe strerjgth 

j * - 

of the rope. Zi nc-poure&isockets, are 
efficient in straight extension, but 
swaged sockets are more resistant to 
fatigue. (See Figure 13.) Clamps, 
when properly installed, develop about 




Figure U. Swaged sockets (a) are 
more fatigue-resistant than 
zinc-poured sockets (b). 



75 to 80 percent of the rope efficien- 
cy, and hand-tucked splices develop 
efficiencies up to 90 pertent depending on the diameter of the rope. 

The really important element about attachments is that they must be con- 
sidered when figuring the load lifHit for a sling. In other words, the recom- 
mended load for a sling assembly is rtot more than one-fifth the strength of * 
the assembly, but to accurately determine the overall strength, the efficiency 
of the rope connections must also be /aken ;into account*. Figure 14 shows 
various types of connections and gives the"" percentage efficiency of each. 

Stating the safe working load for a sling is a complex affair that is 
related to sling' strength, load weight, and lifting angle. But, when a sling 

/ ■ " 

V 
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loseotyfe 




SWAGED SOCKET 



100% 



v 



WIRE RC#E SOCXET-- SFSLTI R ATTACHMENT 100% 



PRESSEO SLEEVE LOOP 8ACX*THIMiLE ATTACHMENT 
A'OiA AND SMALLER "^fe 



r OtA ANO LARGER 



J 



FLEMISH LOOf WITH MECHANICAL SLEEVE ATTACHMENT 

1- 01AM. ANO SMALLER 

. t'l/8* OlAM, ANO LARGER .. - 



wEptfTwcjcrrs ioepenoing on oesignj 



CLtH i NUMBER OF CUPS VARIES WITH SIZE Of *OP«) 



7HIM8LE SPLICE-MANO TUCKED 

U4 r r. r. ... 1 .90% 

5/tr--- ••»•« 89% 

3/T* / 88% 

?yir •• • 87% 



i/r 

S/T 

3/4" * 

7/8" ANO LARGER- 



•• 98% 
92J% 



•• 98% 
9ZS% 



78-80% 

\ 

•• 38% 
••• 84% 
••• 82% 
• 30% 



LOOP SPLICE — HAND TUCKED 

EFFICIENCIES OP LOOP SPLiCE ARE THE SAME AS THOSE GIVEN FOR THIM8LE SFLiCE 



Ficfure 14. When -figuring the load 1. tin it for a sling, the efficiency 
of the rope connections mi^st be taken rqto account. 

bears a tag listfng Its safe vertical load' limit, the other elements are not 
difficult to determine, ^ ; 

When determining the^safa^oad limit for slings, a minimum safety factor 
of five must always be used. This ,is a general rule, but there are some 
exceptions that demand attention. 
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1000 LBS 



1000 LBS 



If a one-leg vertical sling can safely lift 200'pounds, then a two-leg 
# yeartical sling can safely .lift twice, that amount^r 400 pounds. If a three- 
leg vertical Sling ,1s Used, thep it can safely lift one and a Naif times as < 
much as the two- leg ?lffig, .or 600 pounds. The capacity of a four-leg vertical 
sling, under itleal condition's, would be twice that of the two -teg slTng, or 
800 pounds. However, It is important to realize that working conditions are 
seldom ideal. The preteding^numbers are guidelines to illustrate the'ohang- 
ing load capacities forcings wi tji varying teg conf iguratiorrs. 

Another important factpr is the angle formed by the ropes and tffe hori- 
zontal top of the load when the sling is placed in position on a load. T/i s 

angle should alway^fcceed 
45 degrees to avoi^OTbessi ve 
stresses on the sling. The 
safe load limit of a sling de- 
crease§ sharply as the angle 
formed by the legs afid the 
horizontal becomes smaller 
(Figure 15). This problem 
with the lifting angle can 
frequently be avoided by us»ing longer slings-: In cases where head room will 
not permit a longer sling, it is usually best to lighten the - load. - 

It cannot be repeated often enough that the safe working load of any 
sling depends on the sling's condition. A sling in obvious need of repair 
shbuld not be used at all, and slings in frequent use should have thimble 
splices at the sling ends tq materially reduce wear, it is essential that 
the people who work with slings be able ttf judge their condition and relate ' 
the load capacity to that cond-ition. k 




1000 LBS 



1000 LBS 



Figure 15. Changing load capacities for 
slings with varying leg configurations, 



ACTIVITY 10: 



(Mark these statements True or False.') 

1. _J The efficiency of rope connections and attach- 
ments has to be taken into consideration when 
figuring the safe load limit of a *l'ing. 
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2. Swaged sockets are less resistant to fatigue 

than are zinc-pOured sockets*. 

3. Jhe diameter of the rope is a factor in the 

efficiency of hand- tucked splices. 

4. ; , the recommended load for a sling assembly 

is never more than one-fifth the strength ^ 
of the assembly. 

5. The angle formed'by the ropes 'and the horizontal 

, top of a load, when -a sling, is placed in position 
on a* load, should never exceed 45 degrees. 



OBJECTIVE ii: -State the proper inspection intervals 
for rope* slings, and briefly describe points that 
should be checked. 



In most rigging and hoisting operations slings get the roughest wear, f 
^nd.the inspection of slings is one of the elements vital to their safe and 
proper use. Rope slings should be inspected 'daily , or more often if needed. 
Riggers and persons handling loads should inspect slings daily, before using 
thj*m, ,and at any other time* during the work'ing day when a sling undergoes, 
excessive shock loading or is subjected to' any use that could contribute to 
more than regular wear. Inspection does^ot mean merely looking things over 
it means examination' by an employee trained in what to look for and how to 
look for i t. ^ i * 

All slings in regular service should be inspected thoroughly every six 
months^ by a person knowledgeable enough* tg identify all slings that do not 
meet minimum standards. Such slings shoulchbe immediately withdrawn from 
service or, if possible, reconditioned in accordance with manufacturer's 
recorranendations . 

Some of the factors that should be checked during inspection of wire < 
ropes include the following: 

• Any deterioration of end attachments. 

• Exposure to excessive temperatures. 

• Minimum clear lengths of rope between spliced, sleeves, or end fittings 

s * 
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ACTIVITY 11: 



1. Name one area of patential wear that is common 
to all types of sli'ngs. 

2. How often should rope slings be inspected? 
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^ Fiber ropes, too, should be inspected for wear around' ericl attachments* 
where fiber ro^e slings are ve^ subjecrto clitting! A fiber rope sling 
should be removed from service /if (flppection* reveals any of the following: 

• Abnormal wear. — - — * , 1 

• Powdered fiber between strands. ^ 
Spoken or cut fibers. 

• Variations in the size and Soundness of strands. \< v 
\ * . 

• Discoloration or rotting. # ■ m . ■ 

• Distortion of hardware fn the sling. , * 

Synthetic webbing slings are not difficult to fnspect! If they look^-v 
good, they usually are gaod. If they are*^hn, the wear i ^ usual 1 y obvious. 
The eyes or*end fittings wear most frequently wi tfi synthetic webbing slings, 
and although these can sorrJetimes be repaired, repair should not be attempted 
on the job site;* the sling should be sent back to the manufacturer/ 

There are problems that call, for a synthetic webbing sling to be removed 
from service. These include: x > 4 

• Acid or caustic burns. > 

• Melting or charring of any part 9f the sling surface. v 

• Snags, punctures, or cuts. r . ; 

• Broken or worn stitshqs. , ^ 

• Distortion of fittings. ■ * 

* In general, the inspection of a sling, regardless of type', should indi- 
cate that it is standing up under service conditions. Any indication of 
excessive wear is a certain cli^e that the' sling isJ)too weak or somehow*im- 
proper and probably unsafe for its operating conditions. Jn such cases, 
inspection should -lead to a review of service conditions and recommendations 
for a sling more suitable to the job. 



3. List six conditions that would indicate tbat a ? 
fiber rope sling should be' removed from services 



a. 
b. 
c. 



d. : , / 

e. ; [ * 

f . ; " 2 

4. Complete the following list of problems tJ]at should 
cause a synthetic webbing sjing to" be removed from 
service. 

a. Acid or caustic burns, 
b. 

c. Snags, punctures, or cuts. 

d. ' 



e, 



objective 12: Discuss and differentiate between the 
four types of metal chains. 



* nXfeou 



Wh'ile it is true that wire ropes rather than ch^inXfeould generally be 
used'in rigging, there are some situations .th^t call for the use of chains. 

One case in which chains have the advantage over wire ropes is in' 
lifting rough loads such as heavy castings. Wire rope slings weaken quick- 
ly in this kind of service ffecause of the sharp bends over the edges of cast- 
ings, but chain slinflfi^rip such lo^ds well. 

Certain qualities render chains more suitable for certain jobs: chains 
will withstand rough handling, will not kink, are easily stored, and have 
dead flexibility^ Chains even resist abrasion and corrosion better than wire 
rope. However, chains should be selected carefully, since they come i ^sev- 
eral grades and types, each of which is designed for specific service. 

* Alloy steel chains are the only chains suitable for general construction 
work, and particularly for hoisting. The*e chains are made of heat-treated' 



Page 32/SH-14 



J 



alloy steel and they are the strongest chains commonly available. They can 
tolerate temperatures up to 500°F without a reduction in safe workmq load. 
Alloy steel chains can be used even at 1000°F temperature although* the re- 
duction in safe working load is' then 50%. — 

Heat-treated carbon steel is sometimes used for chain slings. Slings' 
made from heat-treated carbon steel are excepti onal ly ^trong and have high- 
rnfpact resistance. Likfe alloy steel chains, they *also rfave a high resistance 
to abrasion. \ 

Proof coil chains are the\kinds most often se&n in the local hardware 
store ; They cart be used for various purposes so long, as their use would not 
endanger'life or result in serious property damage/if they failed. Proof " 
coil chain should never be used for slings. 

Thene is yet another-variety of chains that are made from specialized 
or exotic metals. ' $ome ar p mac j e f rom stainless steel, monel § metal , and bronze. 
Essentially, these chains are used where resfstTnce to corrosive substances is 
required or where their other special qualities would serve to good -advantage. 



ACTIVITY 12: 



What are the only types of chains suitable for 
general construction work and particularly for 
hoisti ng? . 

List three othe>stypes of 'metal chains, giving 
one quality of eap. 

a. , d. ; r 

b, ; 

c. 



i 



objective 13: Describe .five points of the inspection 
that should be carried out daily on chains. 



Jhe caus.es of most chain failures can usually be detected before failure ' 
occurs. A regular inspection schedule must b6 set up and a proper insjsectioYi 

°' J ' SH-l4/Page 33 



procedure must be followed if cftai n failure 'is<£o;be prevented. The basic 
inspection rule is that chalks that are used daily should be'i nspected daily. 
**fhe, .inspection should be made \ink-by-link in order U) detect any of the 
fol lowing: 

• Bent links. ^ ' £ 

• Cracks in weld areas, shoulders, or in any other section of 
the link,, * , 

• Transverse nicks and gouges. 

• Corrosion pits. 

• Elongation caused by stretching. ' , v 

Stretching (or elongation) is a big problem with chains, and its detec- 
tion requires careful inspection. This means that enough links must be exam- 
ined that elongatiorf can truly be detected. The fnaximum allowable wear at % 
any point.of a lijjjc is rela^d to the chain size, "and the table of allowable 
wear is shown in Table 1. * 



TABLE 1. MAXIMUM ALLOWABLE WEAR TO A8Y POINT OF LINK. 



Chain Size Maximum 
(inches) Allowable 
Weary,(inch J ' 


Chain Size 1 Maximum , 
(inches) * Allowable 
Wear '(inch) 


s 1 — — ; 

1/4 : r ... 3/64 • ■ 

3/8 5/64 ' 

1/2 7/64 

' 5/8 9/64 

3/4 5/32 . 

7/8 ...f7?T.. 11/64 ^ 


\. -%3/16 

V1/8 7/32 

1/1/4 1/4 

1 3/8 9/32" 

1.3/4 ., 11/32 



/ 



Beyond daily inspection's, some safety authorities recommend that all chains 
used regularly be inspected by a skilled operator* no less thdn* once a month, 
In all cases, chains in regular use should be inspected every six months by 
an experienced inspector. 

j 
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ACTIVITY 13: 



1. State the<basic inspection rule, for chains, 



Link by li/ik inspection should detect any ©f the 
following five problems: 



a. 

■b. 

c. 
d. 
*e. 



OBJECTIVE 14: . Outline seven safe working practjces 
when using chains and chain slings. 



Regular inspection ensures that a chain or chain sling will render safe 
service. Safe working practices with chains and chain slings promotes longer 
chain life, saves money, and makes rigging and hoisting activities easier. 
Bu^t most of all, safe working practices contribute greatly to the prevention 
of chain failure. Some of the most important considerations in working with 
chains and chain slings are included in the following list: 

• Never splice a chain by inserting a bolt between two links. 

• Never put a strain on a kinked chain; take up the slack slowly 
and see that every link in the chain seats properly. 

• Never use a hammer to force a hook over a chain link. 

• Never remove an identification tag from a chain. 

• Avoid decreasing the angle between the legs of a chain sling 

and the horizontal; this increases the load in the legs. ^ 

• Never set the load on the point of the hook; set the load in 
' the bowl of the hook. 

• Never use chai^n attachments such as rings, shackles, couplings, 
or end links that are not specifically designed for the chain 

# to*which they are attached. 
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The way a chain is stored will affect its service life and service 



safety; consequently, ad 1 chains. should be stored where they will be safe 
^frorn corrosion or any mechanical damage. 



ACTIVITY 14: 



List four safe working practices with chains. Begin 
each rule with "Never." 

1- ±. 

y 





4. 



\ 



OBJECTIVE 15: Describe the inspection testing,, repair- 
ing and attachment mechanisms for alloy steel chains. 



; conditiorv^- 



The' regular inspection of "chains and- chain slings is basic to their safe 
use. Beyond the daily Check done by personnel working witl\chains and slings, s 
there is the*thorough insp^tion that should be carried out every six montft^ 
For this inspection, a skilled inspector is required. The chain's condition, 
must be accurately determined, and to do^his, the inspector uses 
devices and procedures. 

^rst, the inspector cleans the chain thoroughly in a solvent solution 
and fays it out on a clean surface or hangs it up irr a well-lit area. Then, 
he or she uses a magnifying glass to inspect every link. The inspector has 
available a card that relates the life, history of the chain", especially the 
measured length of the chain when new. With this information the inspector 
can measure the' chain after a specified use period, perhaps two months, and 
determine exactly how much the chain has stretched'; The information is a 



ERIC 



Page 36/SH-14 



38 



guideline to how-long the chain will be serviceablV it may indicate that the 
chain should be taken out of. service immediately. 

A skilled inspector also looks for bent, twisted, or cracked links in a 
chain. If a orack is suspected, the link is-soaked in a thin oil and then 
wiped dry. After that, a coating of white chalk is put on the link and 
allowed to stay there for a few hours/ If there is ji crack in the link, the 
thin oil that was first used works its way. out of the link and discolors the 
white chalk. In this way, the skilled inspector finds a'cracked link that 
even months of daily visual inspections can^never reveal. 

A skilled inspector never resorts to visual guessing. A caliper is used 

to determine link wear at the point where links bear on each other. When 

T 

this check is finally finished, the degree of wear at the most badly worn 
link ts the factor that decides whether the chain should be discarded, re- 
paired, or left in service with specifications that its load limits be de- 
creased. * ' 

Information concerning the basic testing of the chain at the time of its 
manufacture is used to make a judgment of the. chains serviceability. 

Just as wire and fiber ropes can be properly splicec^and continue iti 
service, so chains can be repaired and continue in service. The big differ- 
ence is that wire and fiber ropes can be spliced on the job, while no one 
shtould ever 'attempt to weld an alloy steeKchaijn # that needs repair. Because 
allqv chains are heat-treated at the time of mafiufacttrr^r^tfie heat from even 
electric 'welding would destroy the temper^of the chayi and make it unservice- 
able. Alloy steel chains that need repair should always be sent back to the 
manufacturer. . ; 

Since the strength and durability of alloy steel chains is almost,' in- the* 
bragging category, it is logical that lifting attachments for Chains and chain 
slings are constructed of alloy steel, too. ' In fact, jhdst lifting attachments 
arfc made of forged alloy steel, including attachments for wire atid fiber 
flings.» Such attachments include -eye hooks, shank hooks,y5wi vel hooks, fings, 
master links, end lij)ks, and swivels of all types. Chains and chain slings 
are used most frequently in straight vertical lifting; therefore, rings, 
links, and hooks are extremely important items. Attachments m£de_of any 
material other than forged allfty steel should never be' used with chains. 
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In fact, job or shop hooks and links, v) or makeshift fasteners, formed 
from bolts, rods, or other such attachment^, must not be .ifsed. The attach- 
ments have to be is strong as the alloy steel' chains themselves 



ACTfVITY 15: 



List four procedures that a skilled inspettor will use 
in a check of chains. * \ 

a. fc - 



b. 



n 



d. 



OfiJECTivJE 16> Jtescrite storage procedures alid identi 
fi cation methods fdr steel all v oy chains. • 



Maintaining alloy steel chains properly contributes to long and sa'fe 
serviceability of the chains. Chains # or chain slings covered with dirt and' 
grease should be cleaned. with a ligjit solvent and wiped dry. gleaning is 
especially important when a chain or sling has been exposed to any chemical 
or agent thatcould promote^deterioratten orxorrosion . A chain wet from 
rain should always *be dried before it ttfred. *~ 

\ Maintaini ng- attachments may sometimes mean replacing them, but thi? is^ 
often practical in terms of economics a£ well as safety. Faulty hitches 
and slipping hook-ups can create impact conditions that significantly 
add- to n the stress in a chain. When attachments are properly maintained aro^ 
properly used, such pttachments contribute to the^service life of- chain? and 
chain slings. * % * ^ * 

The rule for storing alloy steel chains Ts a simple one: they'should be 
stored where they will not be damaged, or subject to moi sture^or dampness 

• _ > 
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sly thro\5 



into a 



that could cause -ctjrnbsion. A chain $Ju>uld*not*l 

storage area, part;i%ularTjji f trte^hain is grejsy ^dirty. When /th'ey are 
not too cumbersome,* chain slings k shQul<iJbe placed "on sturdy p*gs v\ere they 
can hangj/re^, so Jong as they'are not ^xpo^ed to moisture or, other c&xrosive 
agents. t <> 0 a > , . - - 6 

One*, final area^that should 'be studied concerning alloy steel chains arrfl . 
# chain slings is their identification. ;in most alloy steel • chai ns, every, link 
is nparked with an "A" to indicate it ie alloy *steel. The other significant 
identification- is usually a tf? which 1 iste the 4^ri al number of \he chain • ■ 
along with its' maximum vertical load rating, and the date the chain was manu- 
factured. This tag is. usually securely attacijed'to the' master linlj as shown 



• 



in Figure 16 





FiVure 16. Identification t^ag attached to master 'link. 



^ACTIVTTY 16* 



9 



1. What should be done with crfSPins that'are tovered with 
dirt or grease? %A ' 



/ 



What tWo^ identification methods exist for stee.l alloy 
chains?* ■ 

a. « * ^ «^ * 

•-b. 
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OBJECTIVE 17: Identify the advantages and disadvan- 
tages of metal and nylon mesh-slings. 



* * Metal mesh and nylap mesh, slings are widely used in modern industry 
because they are both sfrong and dependable when selected for tjie types 
service for which they ape intended/, ^ 

Metal mesh slings are especially suitable for loa<^ that are abt*asi«#t; 
loads that are hot, or loads that would cut fabric slingS and wire rope$. 
Bft:ause of the smooth, flat, bearing surfaces of metal mesh slings, (see 
■F/igure 17), they readi lyxponform to" 7 loads wiih irregular shapes. They grip 
/ 




; ^ \ Figure 17. Metal mfcsh slings. 

the >oad firmly and can withstand temperatures up to 5000°F. Even though 
metal mesh slings resist corrosion. and* wi 1 1 not kink or tangte; thpy must 
stjll be selected only fo* the service for which^they were jJitended. Sling 
'type' and service capability are generally listed in the following three 
categories : n . . 9 

1. 10 gage mesh - Fgr heavy duty general purpose lifting. . 

2. -12 gage mesh - For medium duty applications. * r , 
V. 14 gagp mesJa - FoT light duty^ap'pliSti ons . 

i * 

* 'The only 'disadvantages of metal mesh slings stenv f rom their improper 
use. Faulty loading can damage the spirals at the edges of a metal mesh 
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sling; dragging a sling out from under at load can cause excess wear to the 
spiral and tends to reduce wire diameter to a point that the sling will have 
to be removed from service. 

Safe lifting loads for metal mesh slings are -staged on the handles of 
the slings, and these load limitations should* always be respected. When a 
metal mesh sling is placed into service where it will be subject to excessive 
abrasion or* cutting, it should be coated with a rubber arrd plastic coating to 
prQtect the sling, thereby increasing its servi ceyji fe. 

One definite advantage of using nylon mesh slings is that they, are inex- 
pensive; andiher is that they are lightweight. Also, the smooth s'urfacePof 
nylon slings makes them outstanding in one particular a^a. Trtey are liter- 
ally made* to order for the lifting of polished metal, and in service of this 
nature they are widely accepted. (See Figure 18.) However, nylon slings^clo 

have limitations that 
require their service to 
be carefully correlated ^ 
to their capacity. In no 
case should a nylcfH -si i ng 
b,e used to lift materials 
that have been heated be- 
yond that point. Nylon 1 
can be dangerous when 
used around machinery, 
even s^gl# racks, as it 
is very subject to being - 
cut by sharp-edged meta\s. 
Wear 'pads can be installed 
to*redace the risk of 
severing, but nylon is 
always subject to this 




Figure 18. Nylon slings arS outstanding 
in the area\^f liftii 



if ting ^polished metal . 

taut cutting hazard. All me tat mesh/agd nylon slings should'b'e usecj^/ith a 
safety factor of five 
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ACTIVITY 17: 



- 1, « List three advantages" of metal mesh slings: 
a. 

, ' 1 r* r~- 

b: 



6. ' 



2. List three advantages of riylon mesh slings: 

9 

b . / ° ' 

c. A , 



3. If 4 load has a temperature of 350°F is to be 
lifted, which sling would be'djosen? 
a'. Metal mesh. 

b. -Nylon mesh. K 



saYe work practices that 



OBJECTIVE Name; 
should.be followed when using metal and nylon mesh 
slings. • ' • . ; _ 




^to ensure jafe working' conditi<^£*^n9 to prolong the service 14 fe j>f 
both metal mesh and nylon mesh si i bgs, Ifyey' shoaW never be overloaded. Wheft 
the weight of a ^load cannot^e correct to^timated, a safety professional or 
someone skilled in materials h*ft&?1mj jhould be called <o check the load and 
approve the sling for thsp sjpfecf ff c use* * , w 

The lengtji of metal Wsh'SHngs should always be sufficient to provide 
^^theHnaximum praqt/fcal angle, betv^eti the s^'ng leg\and the horizontal. (See 
Figure 19, ) V^hen vertical ^nijTe^are used, 1 there should alstNbe a minimum 
. practical angle at the crane; hook. 

Metfl mesh slings should never be .shortened wtth knots, bolts, or other 
unapproved methods. In fact, the manufacturer shojjld be coft^ulted before any 
sling is shortened., hft attempt Should ev£r bVmade to twist t>r kink the legs 
of a metal me*sh sling, or to use a sliqg when the spirals are locked. This - 
is because a sudden jolt cojild break a spiral', cause the load to -shift, and- 
create an extremely dangerous situation .on the floor below the load. ' Another 
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GOOD ANCLE 
BETWEEN 
SUNG LEG a i- 
AND ^4 
HORIZONTAL 




w Figure 19. The maximum practical angle 
between sling leg and the horizontal 
shoiild be provided. 



extremely important rule 
about metal mesh slings 
is that a hammer shouVd 
NEVER be used to straight- 
en a spi ral or a cross 
rod. Hammering spirals 
or rods causes immediate v 
damage to the sling, re- 
duces its capabilities, 
and shortens the si ing's 
service life. 

All rules for s.afe ( 
hookups and hitches that 
apply to other types of 
slings apply to both metal 
mesh and nylon mesh slings 
Short cuts or makeshift 



hookups create immedicate safety hazards as well as stresses for which the 
swings were not designed. m 

Many of the rules concerning metal mesh slings apply to nylon slings as" 
■well. In addition, nylon mesh slings should be used only in environments 
.below 180°F. Other than that, the^ basic rule.s that call for no knotting, 
sufficient sling length, and balancing the^ load apply to nylon mesh slings 
as they do to nytal mesh slings. 

* A final reminder about nylon mesh sling usage is that nylon is very sub- 
ject; to damage from acidic or caustic materials. Metal mesh slings can be 
easily washed ^nd gleaned of ^cid or cafystic, but nylon is not as easy to 
cif ean ar>d will deteriorate rapidly in acidic or caustic environments. Even 
when a nylon mesh sling h^s to be used arognd corrosive chemicals- for just a 
short period of time, it is wise to check with the manufacturer for safe pro- 
cedures and- limitations. 



45 



SH- 



14/Page ^ 



ACTIVITY' 18: 
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Which of the following items do not apply to metal mesh 
slings? _ • * 

1. a, A hammer should never be used to straighten a 

spiral . 

b. Do not shorten the Sling with 'knots. 

c. Use only in environments below 180°F, 

d. These slings are easily washed and cleaned of 
acid or caustic. 

2. State the rule basic to prolonging thq, life of 
metal mesh and nylon mesh" slings. 



REFERENCES 



Construction Safety Association of Ontario. Rigging Manual . 1st ed. 1975. 
HationaJ Safety Council. Accident Prevention Manual for Industci^l Opera- * 

tions . Chicago: 7th ed. 1978. * 
Supervisors Safety Manual. Chicago: 5th ed. 1978. 



U.S. Department of Labor. Safety and Health Regulations' for Construction . 

Revised February 9, 1979. OSHA Safety and Health Standards (29 CfR 1926.) 

; ANSWERS TO ACTIVITIES ^ 

ACTIVITY 1 

1 . a. Load shifting. , , ° > . • 

b. Lifting afcgle. 

c. Swing out of control (through the air); fait. 

'2. a. Placing hands between a slrng a/id a ; load while the sling «is being 
tightened. ^ i 

b. Pulling a sling from under a- load when the load is resting on 
the slirt^. \ ' 

4 
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Q. Loads with sharp edges. 

d. Poorly designed slings. € ^ 

e. Bad weather conditions.* • . 

f . Electrocution. 

ACTIVITY 2 

1. a. Prior to use- at the beginning of each shift and as necessary 

during use. ' . 

b. So it will not present a hazard to workers. 

c. (1) They should be marked to indicate safe working loads-. 
(2) They should be proof-tested to use up to 125 percent of 

thei r rated loacf. ^ \ 

2. Any six* of the thirteen listed on page 9. 
ACTIVITY -3 

1 . Sisal and mani 1 a. 

2. d. Nylon 

3. Stretch; effects of temperature; ability to release (play out); 
ability to take shock loads; ability to sustain dead loads; flexing 

Endurance (ability to take repeated bending); insulating ability.' 

ACTIVITY 4 

1. a. Do not store mani la rope in the sun. 

b. Do not drag ropes along the ground. 

c. 'Do not recoil a dirty rope. 

2. b.. -Nylon 

3. Synthetic ropes. - * 

ACTIVITY 5 

(Any nine . ) 

1. Wear. 

2. Abrasion, j 

3. Broken or cut fibers. , ^ 

4. Displacement of yarn or strands. 

5. Variation in" size of strands. 

6. Discoloration. . - 

7. § Rotti ng. » < 

8.. Broken yars^ 

9. Excessively^ loose yarns . 
3 > 



10. An accumulation of powder-like dust. 

11. Inside yarns which pull out easily. 

ACTIVITY 6 

1. Every strand^in a wire rope must fail before it breaks; if one link 
in a chain f^ils, the entire chain fails. 

2. a. They are made from large ^number of wires. 

b. The wires are continuous in any given length of rope. 

ACTIVITY 7 . 

1. Wind from the top of one reel to the top of the other reel, or from 
the bottom of one rell to the bottom of another. 

2. ( (Any four.) 

a. Corrosion. 

b. Fatigue due to excessive bending sbresses. 

c. . Drying out of lubrication. \ / 

d. Overloading. 

e. Overwinding tension from shock loads. 

* * * 

ACTIVITY 8 

1. With a rope caliper pr a micontieter. 

2. a. (Severe) Kinking. 

b. High stranding. 

c. Loose wires. . 

d. Nicking. 

Lack of proper lubrication. . % 

ACTIVITY 9 

1. Properly manufactured wire rope slings. 

2. a. WKere explosives are in use. 

b. When hoisting ornamental concrete or finished stone. 

ACTIVITY 10 1 * 4 
1-. -True. * 

2. False. 

3. True. 



4. True. 



r 



5. False 
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ACTIVITY IT' . , 

1. Arqupd end* attachments . ^ - 

2. Daily, or more often, as needed. 

3. a. Abnormal wear. 

b.' Powdered^>ber between strands. 

* c. Broken. or cut' fibers. 

d. Variations in the size and roundness of strands. 

e. Di scoloratiojV or rotting. ' ^ 
*f. Distortion of hardware in the sling. 

4. b. Melting or charring of any part of the sling surface. 

d. Broken or wo ro* stitches . 

e. Distortion of fitti 

m 4 

ACTIVITY 12 - ' 

] % Alloy steel- chains. . 

2. a # . Heat-treated- carbon steel. 

b. Proof coi 1 chains . 

c. Exotic metals (stainless steel, monel steel, bronze}. 

ACTIVITY 13 & . 

1. Chains used daily should be i nspected^daily . 

2. a. Bent, links. ># 

b. — Cracks in welch areas -sjjoulders^or in any other section of the link 

c. Transverse ni^cs and gouges, 

d. Corrosion pits. > 

• k e. Elongation caused by stretching. 

ACTIVITY 14 ' 

(Any four.) 

1. Never splice *a chain by inserting a bolt between two links. 

2. * Never put a strain on a kinked cfiain. 4 . 

3. . Ne*ver use a hammer to force a hook over a chain link. 
-4. N.ever remove an identification tag frOm a chain. 

5^ Never decrease the angle between the legs and the horizontal. 

6. Never set the lt)ad on the point of the^ook. 

7. Never use chain attachments whi£h are not designed for the chain 
to which they are attached. • , 
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ACTIVITJ 1^ 
(Any foi 

1. a. > Thq^HJFc'leaning in a solvent solution^ 

b. " InsjSction of links with a magnifying glass. , 

c. Measurement of the chain's length for elongation. J 

d. Check forbent, twisted, or cracked links. , * 

e„ If a crack is suspected, the link is soaked in oil and wiped dry, 
Then a v coating of white chalk is put on the link. Oil will ooze 
out of any crack and discolor the chalk!. 

f. ^caliper is used to determine link wear at the points where links 

bear on each other. t 
« «• » v 

ACTIVITY >6 

1. They should be cleaned with a- light solvent arid wiped dry. 

2. a. Every link is marked with an "A". 

* 

b. A tag listing the serial number of the chain and its maximuip 
vertical load rating is attached- to^the master 1 4 nk . 
" f 
ACTIVITY 17 ' • . 

{Any three. ) . 

1. a. They artf especially suitable for'loads £hat are abrasive, are- hot, 
or that would cut fabric slings and wire rope. 

b. They conform readily to loads with irregular shapes. 

c. They can wijbhstand tmeperatures up tQ^jD00°F. J 

d. They resist corrosion, and will not kink or tangl.e. 

2> a. They are inexpensive. - . 

b. They are lightweight. 

c. They are superb for lifting polis+ied metal. 

3. a. Metal mesh. 

ACTIVITY 18 

1. ~c. U$e only in environments below 180°F. «■ 
2., They should never be overloaded. 
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